Background: Evaluation of the anterior neck anatomy is used to identify the cricothyroid membrane (CTM) before front of neck airway access. This has been traditionally performed using palpation which results in misidentification of the CTM in a high proportion of subjects. The 'laryngeal handshake' is currently advocated by the Difficult Airway Society as the method to identify the CTM. We sought to investigate the accuracy of this technique in females. Methods: Five clinicians were asked to identify the CTM using the 'laryngeal handshake' technique in a total of 45 anaesthetised females (Group L) and by conventional palpation in 45 controls (Group P). We measured and analysed the distance to actual CTM using ultrasound, the time to identification, and perceived difficulty using a visual analogue scale. Results: Successful identification of the CTM occurred in 28/45 (62%) patients in Group L vs 15/45 (33%) in Group P [P¼0.006; mean difference, 29%; 95% confidence interval (CI), 21e39%]. Distance to the CTM (P¼0.012) and visual analogue scale (P¼0.012) were significantly reduced in Group L. Mean time to CTM identification was greater in Group L at 31 (5.6) s, compared with Group P, which took 18 (5.5) s (P<0.001). The midline was accurately identified more frequently in Group L than in Group P (39/45 vs 28/45, P¼0.008). Conclusions: The 'laryngeal handshake' method of palpation is more accurate but takes longer than conventional palpation technique in locating the CTM and the midline. This is of particular relevance if a vertical incision is required to perform front of neck access when anatomy is indistinct.
Identification of the cricothyroid membrane (CTM) by palpation has been repeatedly shown to be inaccurate in observational studies.
1e4 This is of direct relevance to anaesthetists, intensivists, emergency room physicians, and paramedical personnel who may be expected to perform emergency front of neck access (FONA) in the event of a 'Can't Intubate, Can't Oxygenate' (CICO) scenario. 5 CICO may be unexpected and accounts for 25% of anaesthesia related deaths. 6 The management of this situation is time critical as delayed or failed FONA leads to irreversible cerebral hypoxia and death. Most emergency attempts at FONA by anaesthetists fail to secure the airway, with device misplacement the most common complication. 7, 8 Identification of the relevant anatomical landmarks is challenging and may result in severe airway trauma despite achieving airway patency. 9 Misidentification of the CTM is most common in female subjects in whom the anterior laryngeal structures are less distinct owing to lesser angulation of the laryngeal cartilages. 3, 10 Cognisant of the widely reported difficulties in locating the CTM, the 'laryngeal handshake' is advocated by the Difficult Airway Society (DAS), the Faculty of Intensive Care Medicine and the Royal College of Anaesthetists as the method of identifying the CTM in the event of cricothyroidotomy. 5, 6 Described by Levitan, 11 this has been proposed to promote tactile confidence in the recognition of the three-dimensional (3D) anatomy of the laryngeal structures (Fig. 1) . The laryngeal handshake is performed with the non-dominant hand, identifying the hyoid and thyroid laminae, stabilising the larynx between thumb and middle finger, and moving down the neck to palpate the CTM with the index finger. 7 The accuracy of this technique has not yet been assessed in the literature. We sought to investigate this in a population at high risk of CTM misidentification as complications of FONA are directly related to the palpability of anterior neck structures. 9 We hypothesised that the laryngeal handshake would be more accurate than the conventional palpation technique in locating the CTM.
Methods
This non-randomised comparative study was conducted after approval by the ethics and research committee of the Rotunda University Hospital, Dublin, Ireland. Written informed consent was obtained from patients and volunteer clinician assessors. The Rotunda Hospital is a university-affiliated tertiary level centre for obstetrics and gynaecology. Recruitment took place from April to June 2017. We recruited 45 patients who underwent CTM assessment by volunteer clinicians with the laryngeal handshake technique (Group L) and compared the results to assessments by the same clinicians using 'usual technique' in a group of 45 controls (Group P). Five anaesthetists, at different levels of training, performed nine individual CTM assessments in each group. Two clinicians were at Senior House Officer (SHO) level, and three were at Registrar level, with a mean of 3.5 yr anaesthesia training completed (range 1.5e6 yr). In order to allow for the most realistic assessments, these took place after anaesthesia induction with the patient bag mask ventilated in the DAS-recommended head extended position for FONA during a simulated CICO scenario. We measured and analysed the distance to actual CTM using ultrasound, the time to identification, and perceived difficulty using a visual analogue scale (VAS). We included fasting women presenting for routine gynaecological surgery and excluded those women unable to 
Editor's key points
Quick and accurate location of the cricothyroid membrane is the key for successful emergency cricothyrotomy. The 'laryngeal handshake' is currently advocated to be effective in locating the cricothyroid membrane, but its efficacy has not been studied formally. Compared with a conventional palpation technique, the 'laryngeal handshake' method was more accurate, but took longer to locate the cricothyroid membrane.
given informed consent, those with a history of neck surgery or radiotherapy, and those with a history of gastrooesophageal reflux disease. The primary outcome was accuracy of CTM identification. Secondary outcomes included accuracy of identification of the midline, the distance from the CTM, time taken, perceived difficulty, and the effect of repetition on accuracy.
Before assessment by a participant, the CTM and the midline were identified using ultrasound and these structures marked with ink visible only on exposure to ultraviolet (UV) illumination. 1 The participant was asked to mark the skin overlying the CTM using the UV ink pen. The assessor then illuminated the area with UV light and measured the distance between CTM and the estimates of the participant in both the vertical and lateral axes. A correct estimation was defined as a mark made between the upper and lower limits of the membrane and within 5 mm of midline. Participating clinicians received training in laryngeal anatomy and performing emergency airway access at the commencement of their obstetric anaesthesia rotation. This consists of a lecture and a practical teaching session. Standardised training identifying the laryngeal handshake was provided before assessments in this group. Candidates studied the laryngeal handshake illustration in the latest DAS guidelines, viewed an online video on airwaycam.com, and had one supervised hands-on attempt in an anaesthetised patient.
This study used a 'beforeeafter' design. 12 Recruitment for 'Group L' took place after 'Group P' assessments. Clinicians were blinded to study design and hypothesis. None of the clinician assessors were familiar with the laryngeal handshake technique before recruitment. We did not give feedback to assessors on the accuracy or technique of performed assessments. No more than two assessments were performed by any clinician on the same day. Clinicians were instructed to determine the location of the CTM as they would in a real-life CICO scenario and were not instructed to use any particular technique. The beforeeafter design was used to reduce inadvertent bias by the assessors. The intention of this design was to ensure candidates remained naïve of the laryngeal handshake technique before assessments in Group P, thus ensuring these assessments were a true representation of 'conventional technique'. Data were analysed using SPSS (Version 24; IBM Corp., Armonk, NY, USA). Figures were produced using Prism (Version 7; GraphPad, La Jolla, CA, USA). Categorical data are presented as numbers and percentages and were analysed by analysed using Student's t-test, analysis of variance (ANOVA), or both as appropriate. Continuous data are presented as means (SD) and median (inter-quartile range). The minimum estimated sample size requirement for the study was 18 per group based on projected 25% accuracy in the palpation group and 80% in the laryngeal handshake group. Additional patients were recruited to determine the possible effect of repeated assessment, which had been observed during piloting. The risk of false positive results as a consequence of multiple hypothesis testing was reduced by limiting the number of tests to a scientifically sensible number of pre-specified outcomes. These were pre-planned and not decided after inspection of the data.
Results
There were no differences between the group L and group P in age weight height or physical airway measurements ( Table 1) . The laryngeal handshake technique (Group L) was more accurate than conventional palpation (Group P) in locating the CTM and was successful in 28/45 (62%) compared with 15/45 (33%) of assessments, respectively [P¼0.006, mean difference 29%, 95% confidence interval (CI) 21e39%] (Figs 2 and 3 ). Group L assessments had a higher proportion of accurate localisations in both non-obese [23/33 (70%) vs 15/35 (43%), P¼0.026, mean difference 27%, 95% CI 19e36%] and obese subjects [5/12 (42%) vs 0/10 (0%), P¼0.04, mean difference 42%, 95% CI 33e52%] ( Table 2 ). The distance from the clinician estimate to the actual CTM location was shorter in Group L at 3.5 (5.7) vs 6.8 (6.6) mm (P¼0.012, mean difference 3.3 mm, 95% CI 0.8e5.9 mm). Mean time to CTM identification was greater in Group L at 31 (5.6) s, compared with Group P, which took 18 (5.5) s (P<0.001, mean difference 12.8 s, 95% CI 10.5e15.1 s). Accurate identification of the midline was better using the laryngeal handshake technique [39/45 (87%) vs 28/45 (62%), P¼0.008, mean difference 25%, 95% CI 18e34%] ( Table 2 ). The mean VAS score, indicating perceived difficulty of the assessment, was lower using the laryngeal handshake method [VAS 4.9 (2.2) vs 6 (2.0), P¼0.012, mean difference 1.1, 95% CI 0.3e2.0] ( Table 2 , Fig. 4 ).
Discussion
The results from our study show that the laryngeal handshake, compared with the conventional palpation technique, results in greater accuracy in determining both the location of the CTM and the midline of the neck in female subjects. This is true for both obese and non-obese subjects. Assessments were perceived to be easier by clinicians who used the laryngeal handshake; however, identification of the membrane took longer than conventional palpation.
Observational studies of palpation to identify the CTM have been carried out across a range of subjects and demonstrate consistently low accuracy in females. 3, 9, 13, 14 In a similar population we have previously reported accuracy rates of 25% in non-obese and 0% in obese female subjects. 1 The accuracy rates in male subjects are higher but remain less than ideal. 3, 14 Investigations comparing the accuracy of Table 2 Results summary. Data are n/N (%), n (%), and mean (SD). CTM, cricothyroid membrane. * indicates P < 0.05. palpation techniques when used by non-anaesthesia personnel (surgeons and emergency room physicians) have yielded similar results. 15 There have been a number of alternative techniques proposed for CTM identification at the bedside, none of which are sufficiently accurate to recommend them for clinical use. 2 These include an approximation based on four finger widths and a further method based on skin creases present on the anterior neck. These were reported to be accurate in 46% and 50% of attempts, respectively, when performed by emergency physicians with formal training in airway techniques. 2 The combined results of the aforementioned observational studies, the poor performance of other bedside methods, and the failure of repeated use of palpation to improve accuracy are all strong arguments for the development of alternative strategies. In a recently published study, Oh et al. 16 reported accurate localisation of the CTM using the laryngeal handshake in 54.2% of assessments in female subjects by anaesthetists, which was not significantly different to the conventional palpation technique carried out by ear, nose, and throat surgeons. The effect of repeated assessment was not reported. 16 Despite the distinctly better accuracy of the laryngeal handshake over the palpation method in our study, it is clear that the overall success rate of 62% is far from ideal. The highest proportion of misidentified sites were below the CTM and theoretically would have resulted in tracheal access but at the potential cost of posterior tracheal wall and oesophageal injury, which has been associated with both scalpel and trocar techniques at this level.
Group P Group L P-value
9,17 Airway access attempts above the CTM are unlikely to achieve airway patency. Devices inserted lateral to the midline are likely to cause major vascular injuries because of the proximity of the carotid artery and jugular venous systems. The increased time required for the laryngeal handshake technique is a disadvantage. Times calculated represent membrane identification only, and do not factor in preparation time, which if the event is unexpected may be significant depending on the chosen technique. 18 Previous DAS guidelines have suggested FONA should be achieved within 40 s, but our results indicate this may not be realistic unless anatomical assessment is carried out before airway manoeuvres. 19 It is worth noting that the final step in the laryngeal handshake technique deliberately optimises ergonomics in preparation for the incision of cricothyroidotomy, with the larynx stabilised in the non-dominant hand. In airway emergencies, fine motor skills can deteriorate under high stress loads, and increased sympathomimetic tone can lead to tremors. 20 Improved accuracy and stabilisation of the structures at the time of landmark identification may lead to a reduced time in performing a cricothyroidotomy incision and an overall reduction in time to insertion of the access device. A major and arguably the most important finding in our study is the high (87%) success rate in midline identification using the laryngeal handshake technique. This is pertinent to the current DAS recommendations of an 8e10 cm vertical incision to facilitate cricothyroid access when anterior neck anatomy is indistinct. 6, 21 It has previously been suggested that anaesthetists would be reluctant to perform such an incision in practice. 22 Correct identification of the midline in Group L obese patients was 83%, almost as accurate as the 88% of correct midline identifications in non-obese patients in Group L. Enclosure of the larynx and the trachea within the hand may allow for a better appreciation of the global dimensions of the larynx and cricoid, and therefore a better approximation of the midline between the fingers and thumb of the hand. We also demonstrate in this study the effect of repetition on the accuracy of the laryngeal handshake technique. This finding has implications for clinician training and suggests it is not likely to be successful as a once off technique but rather that the technique should be practiced multiple times before use. Touch is an efficient sense and can achieve very high levels of perceptual performance. 23 Furthermore, the accuracy in identifying an object improves as the number of digits that contact it increases. 24 The laryngeal handshake requires clinicians to enclose, palpate, grasp, and roll airway structures using all five digits of the hand; these are stereotyped movements used by humans for manual 3D shape perception. 24 Gripping and rolling of the larynx in the hand may help obtund the deceiving effect that overlying subcutaneous tissue can have on visual assessment or midline digital palpation alone. Manipulation of the airway structures, rather than simply palpation, offers 'haptic' and 'tactile' sensory information. Haptics involves the manipulation of objects to yield information from both senses of touch and proprioception. It involves the active exploration of surfaces rather than the more passive approach taken by digital palpation. Haptic feedback is conveyed to neurones via mechanoreceptors in the cutaneous tissues and yields information from both senses of touch and proprioception. Integration of these perceptive subsystems is thought to allow for superior determination of the spatial layout of a structure. 23 Our study has a number of strengths and weaknesses. Study strengths include the fact that CTM identification attempts were performed in a theatre environment with the subjects under general anaesthesia in the appropriate head extended position, as might occur in a real-life CICO scenario. The laryngeal handshake requires a grip and roll of the cartilaginous airway structures which is uncomfortable, and clinicians may have been reluctant to perform this to full effect on awake subjects. The study is weakened by its beforeeafter design, as this design is subject to more confounders and bias than a randomised study. 12 However, a randomised design would have allowed crossover of the laryngeal handshake technique from Group L to 'usual technique' in Group P assessments (carry-over effect). Two different sets of patients were compared; however, each group of patients had similar body habitus and front of neck airway measurements. It is possible that unrecorded individual differences between patients may have affected the results. Lastly, the participants were all trainees without prior experience of FONA outside of simulation settings.
In conclusion, the 'laryngeal handshake' method of palpation is an easily learned technique that provides improved accuracy of CTM identification than conventional palpation techniques. It does, however, take longer to perform than conventional palpation. Its high degree of reliability in accurately determining the midline allows greater confidence in utilising the vertical incision currently recommended by the DAS if anterior neck anatomy is indistinct. 
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